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ABSTRACT
Manufacturing cost of high precision scroll compressor parts remains a dominating factor in determining the overall
production cost. Traditionally, scroll compressors are made of metallic parts which require high tolerances to avoid
leakage. Precision is even more important when the compressor is designed for oil-free operation and metal to metal
contact can potentially be detrimental to the overall performance. With implementation of non-metallic compressor
parts such as plastics, various avenues such as injection molding can be taken to reduce production cost. In addition,
various polymer blends can be chosen to alleviate the danger of contact through the use of self-lubricating materials.
In the present study, a new compressor concept has been designed and built from both plastic and metallic materials.
Performance tests have been conducted on the compressor concept and comparison between plastic and metallic
compressor performance have been made.

1. INTRODUCTION
The scroll compressor concept dates back to the beginning of the century when Creux (1905) first invented the
concept in 1905. The idea laid dormant for much of the century due to the high tolerances required in sealing the
compression chambers and it wasn’t until the 1970’s that the scroll concept was revisited. Today, scroll
compressors are traditionally manufactured from aluminum or cast iron for higher temperature applications. If
manufactured from aluminum, high-precision contour milling using an end mill is the best method to produce the
scroll parts where the milling process can account for 40 to 50 % of the total cost.
Since the invention of the scroll compressor, there have been scarce research efforts to replace traditionally metallic
parts with polymers. However, some compressors such as diaphragm compressors have seen substantial
advancement in this regard. Bramstedt and Rozek (1989) developed a diaphragm compressor composed of nonmetallic parts capable of being manufactured and assembled at a low enough cost to be suitable for one-time
use. The use of polymers for the diaphragm compressors not only reduced material cost but allowed the use of press
fitting and sonic welding to replace expensive fasteners and screws. Currently, Iwata (2004) manufactures an oilfree reciprocating air compressor with the piston composed completely of a composite thermosetting resin. Because
of the heat-resistant self-lubricating qualities of the piston, there is no need for lubricating oil.
Churgay et al. (1999) developed a swashplate-type refrigerant compressor with the swashplate coated in a polymer
based thermoset composite. Lubrication is critical in swashplate compressors due to the potential metal-to-metal
contact. The thermoset coating showed to help reduce both friction and improve seizure resistance in the
components in comparison to other metallic coatings such as tin/cobalt while still maintaining good thermal
conductivity for cooling.

International Compressor Engineering Conference at Purdue, July 16-19, 2012

1267, Page 2
For scroll compressors, there is a high demand for more effective means of manufacturing. With the use of plastics,
the milling process can be completely avoided using injection molding while still maintaining acceptable tolerances
of the involute. This can lead to a decrease in production time, more repeatable quality and a decreased need for
secondary operations.

2. COMPRESSOR CONCEPT
The plastic compressor under investigation has several designed changes from traditional oil-free compressors. First
is the removal of tip seals. Traditionally oil-free compressors fix the two scrolls apart during operation in order to
prevent contact. For sealing, a tip seal is used to span this distance between the fixed and orbiting scrolls. With
self-lubricating plastics, contact between mating compressor parts is less detrimental and could potentially be
utilized to allow the compressor to run without tip seals. The plastic oil free compressor uses an axial loading
mechanism to oppose the axial pressure forces and maintain contact between the two scroll parts. This is analogous
to holding the scrolls at a fixed distance.
In order for sealing to be achieved, careful attention needs to be paid to the balancing of the compressor axially.
This balancing is needed to avoid overturning moments, as any additional force applied via the axial spring loading
to overcome overturning moments will only add to the amount of friction experienced at the tip.

2.1 Drive Bearing Placement
The proposed compressor design mitigates this issue by placing the crank shaft bearing in-line with the resulting
radial force. This is shown in Figure 1. The red arrow denotes the magnitude of radial force components and the
green arrow denotes the counter acting force developed on the drive bearing. Because the counter acting force is inline with the radial force, the overturning moment arising from radial forces is eliminated. Unfortunately, this
bearing cannot be moved to this location without widening the discharge area substantially for the bearing.

Figure 1: Plastic Oil Free Compressor Bearing Placement

2.2 Plastic Materials
Three plastics with their corresponding fillers were chosen for further investigation:




Techtron PPS HPV (2007) – A bearing grade of PPS (Polyphenylene sulfide), includes Teflon and graphite
fillers for lubricity.
Ketron PEEK HPV (2007) – Bearing grade of PEEK (Polyether ether ketone) includes Teflon and graphite
fillers for lubricity.
Delrin (2005) – Low cost POM (Polyoxymethylene) with no fillers.
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Four key factors were considered in the selection of these materials: cost, strength, coefficient of thermal expansion
(CTE) and dynamic coefficient of friction. Figure 2 shows the Young’s modulus with CTE for all four materials.
The CTE ranges from 90 µm/m/°C for Delrin to 23 µm/m/°C for Aluminum while the Young’s modulus ranges
from 3.1 GPa for Delrin to 69 GPa for Aluminum.

Figure 2: Property Data for 4 Selected Materials
Polyphenylene sulfide (PPS) is an organic thermoplastic. PPS blends are ideal for precise tolerance machined
components in that they have a low coefficient of linear thermal expansion and their relatively inexpensive to
injection mold. These materials can be reinforced with carbon fiber to increase the Young’s modulus. Techtron
PPS HPV has graphite and Teflon added for lubricity. Multiple manufacturers offer a PPS blend of 30% carbon
fiber and 15% PTFE. For processing, the high flow characteristics of PPS make it an ideal candidate for injection
molding for both bulk and thin walled applications. Polyether ether ketone (PEEK) is also an organic thermoplastic
and has slightly superior mechanical properties to that of PPS both thermally and structurally. PEEK is generally
more expensive to injection mold then PPS due to the bulk material cost. Polyoxymethylene (Delrin) offers a cheap
alternative to PPS and PEEK. While these thermoplastics have a much larger CTE they have superior lubricity
characteristics to PPS and PEEK.

3. EXPERIMENTAL STUDY
3.1 Failed Designs
The original design of the plastic compressor had two major design flaws resulting in poor performance. The first
design flaw involves the Pressure-Velocity (PV) characteristics of all three plastic materials selected. For the
original design, tip contact is utilized as a sealing mechanism to eliminate the tip seals. The goal here was to
streamline the manufacturing process by eliminating tip seals and tip seal grooves through the use of contact of selflubricating materials. By axially balancing the scrolls through the use of a spring force, the friction generated from
rubbing can be minimized while achieving sufficient sealing. The problem with this concept is the axial load needed
to generate sufficient sealing overcomes the PV limitations of all three plastics. This resulted in localized melting of
the surface in areas of increased PV. Figure 3 shows photographs of the localized melting for all three materials.
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(a)

(b)

(c)

Figure 3: Localized Surface Melting for PPS (a), Delrin (b) and PEEK (c)
The issue of localized melting is easily correct by installing tip seals in both the fixed and orbiting scrolls. Because
of their Teflon base, tip seals can handle higher PV loads. In addition, by using an aluminum fixed scroll, the
lubrication characteristics become more favorable when using different materials for the orbiting scroll such as
PEEK.
While self-lubricating materials offer several advantages at locations of contact, these materials can be difficult to
adhere abradable coatings. Both Delrin and PPS perform poor in this manner with a high percentage of epoxy
separating from the surface during operation. Roughly 60% of the epoxy separated from the surface for Delrin after
2 hours of operation and roughly 20% for PPS. A direct result of this is a decrease in volumetric efficiency and
maximum pressure. Because of this, these two materials are removed from further investigation.

3.2 Test Set Up
A compressor load stand was constructed at the manufacturer’s facility, which allows measurement of compressor
performance parameters such as power consumption, mass flow rate, inlet and outlet temperature and differential
pressure ratios. These measurements are used to evaluate the overall macroscopic performance of the compressor.
For internal measurements, thermocouples are installed about the shell of the scroll for lumped capacitance
temperature measurement.
Inlet pressure conditions are measured using a manometer while the outlet gage pressure is measured with a pressure
transducer. The inlet and outlet temperatures are measured using K-type probe thermal couples installed in line with
the flow path. The compressor power usage is measured off the motor from amp and voltage measurements
corrected with use of the motor efficiency. The speed of the compressor is measured using a tachometer. The mass
flow is measured using a digital mass flow meter.
For compressor temperature measurements, two T-type probe thermocouples are installed on the outer surface of the
fixed scroll. These are used to predict the heat transfer occurring externally to ambient as well as the lumped
capacitance temperature. In addition, this temperature can be used for prediction of the thermal expansion of the
scrolls during operation.
In order to test the use of plastics, two orbiting scrolls were machined from both PEEK and aluminum while two
fixed scrolls were machined from aluminum. By machining an orbiting scroll from both aluminum and PEEK the
performance of the two materials can be compared under equivalent tests.
Before assembly, both orbiting scrolls were paired with two fixed scrolls based on contact minimization. The two
mating scrolls were lapped together to eliminate contact due to machining discrepancies. The scrolls were then
coated with epoxy to eliminate potential leakage paths and ran for several hours during the curing process.

3.3 Performance Results
As discussed earlier, the axial pressure forces are balanced with an axial loading mechanism in order to reduce
friction on the tip seal. This is accomplished by applying a torque at all three idler shaft locations. In the first set of
tests performed, two designated torques and two compressor speeds were performed over a range of pressure for
each compressor. This test matrix is shown in Table 1.
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Table 1: Test Matrix for Variable Pressure and Constant Torque
Test
1
2
3
4
5
6
7
8

Orbiting Scroll
Plastic
Plastic
Plastic
Plastic
Aluminum
Aluminum
Aluminum
Aluminum

Torque [in-lb]
0.5
0.5
1
1
0.5
0.5
1
1

Speed [RPM]
2000
2500
2000
2500
2000
2500
2000
2500

Pressure Range [bar]
0-1.034
0-1.241
0-1.724
0-1.724
0-1.034
0-1.379
0-1.724
0-1.724

As the pressure is increased the compressor will axially balance itself at the designated torque. The pressure ranges
are chosen to include the point of maximum efficiency where minimum friction occurs.
Figure 4 shows how the volumetric flow rate on the inlet varies with differential pressure for the two applied
torques. As the pressure is increased the volumetric flow decreases due to pressure forces axially unloading the tip
seal, which increases the radial leakage gap and thereby permitting more radial leakage. Eventually, the internal
pressure force will start to equalize with the induced axial driving the volumetric flow rate to zero. This becomes
more pronounced at 0.83 bars for 0.5 in-lb and 1.72 bars for 1 in-lb. Both torques start out at roughly the same
volumetric flow for each compressor. The major difference between the two is the amount of differential pressure
the compressor can sustain.
Figure 5 shows the volumetric efficiency with differential pressure for the two applied torques. In both cases the
aluminum compressor performs significantly better at low pressures. The amount of leakage a compressor
undergoes is time dependent, because of the volumetric efficiency conventionally increases with an increase in
compressor speed. This is not the case for both the plastic and aluminum compressor concept. At lower pressures,
the leakage is less pronounced. Because of this, leakage due to deformation of the scroll plays a more significant
role. At higher speeds, more friction is generated, which increases this deformation. As the pressure is increased,
the friction reduces and deformation plays less of a role with respect to leakage while pressure induced leakage
becomes more significant. This in turn reverses the speed-volumetric efficiency trend to the conventional relation.

(a)

(b)

Figure 4: Volumetric Flow at 0.5 in-lb Torque (a) and 1 in-lb Torque (b)
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(b)

(a)

Figure 5: Volumetric Efficiency at 0.5 in-lb Torque (a) and 1 in-lb Torque (b)
The compressor shaft power is calculated by taking the motor power consumption and correcting for motor losses to
get the shaft power into the compressor. This is calculated from the following equation

(1)
Where
is the motor efficiency, this value is 0.85 for the proposed compressor. Figure 6 shows the compressor
shaft power with pressure drop for all eight tests. Each curve has a second order polynomial trend. Initially, as the
pressure is increased, the shaft power will decreases due to a reduction in frictional forces. At some point, the
compression work at higher pressures offsets the energy saved from friction reduction and the power starts to
increase with pressure.

(a)

(b)

Figure 6: Compressor Shaft Power at 0.5 in-lb Torque (a) and 1 in-lb Torque (b)
Between the leakage and power consumption both compressors vary through a wide range of performance as the
pressure is increased. Because of this, it is important to find the most efficient point of operation for a give torque
value. To locate this point the isentropic efficiency is used. This is calculated from the following equation

̇
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Here
represents the enthalpy of the gas at the inlet and
represents the enthalpy for the discharge gas at
the operating pressure for an isentropic process (entropy equal to that of the inlet). Using the test data of all 8 tests
provides the results shown in Figure 7 for the isentropic efficiency as a function of pressure drop. For each test, the
isentropic efficiency will increase, reaching a maximum before dropping abruptly as the flow goes to zero.

(a)

(b)

Figure 7: Compressor Isentropic Efficiency at 0.5 in-lb Torque (a) and 1 in-lb Torque (b)
For each test condition, the isentropic efficiency will reach a maximum where the pressure force is in equilibrium
with the imposed axial force. This point is characterized as the design pressure for the compressor at the given
torque and speed. Table 2 shows the design pressure for each test shown in Table 1. Increasing speed and torque
equates to a higher design pressure.
Table 2: Design Pressure Drop

Test
1
2
3
4
5
6
7
8

Design Pressure [bar]
0.90
0.97
1.17
1.31
0.76
0.90
1.24
1.38

Performing tests on the basis of finding the optimum torque for both compressors gives the designated torque for
several different pressures as shown in Figure 8. As expected the torque increases quasi-linearly with the imposed
pressure drop. At lower pressures the applied torque is lower for PPS then for aluminum. As the pressure is
increased the compressor temperature will also increase, which increase the applied torque for PPS relative to
aluminum because of PEEKs higher sensitivity to temperature.
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Figure 8: Designated Torque with Design Pressure

4. CONCLUSION
When designing a compressor that is made of plastic materials, it is important to include a lubricous material
between surfaces in contact. This is specifically important for dry compressors where localized melting can occur
due to the PV limit of the material being exceeded. The three plastic materials selected in the present work all
experienced localized melting at the base of the involute. To solve this issue, a tip seal was installed in areas
experiencing high PV characteristics.
Plastic compressors are significantly more susceptible to thermal changes then metallic compressors. With an
increase in temperatures within the confines of temperatures seen during operation, plastics experience dimensional
changes over 50% more than metallic. This is of particular concern for scroll compressors, where proper sealing of
the compression chamber relies on the close proximity of the two scrolls during operation. Because of this, the
plastic compressor with an orbiting scroll built from PEEK shows a reduction in performance from the fully
aluminum compressor. The reduction in volumetric efficiency can be attributed to an increased tangential leakage
gap and the increase in power consumption is attributed to added involute contact. Both of these are a result of
dimensional changes of the scroll involute.
The leading cause of high power consumption for both compressors can be accredited to the axial loading
mechanism employed. Both compressors exhibited isentropic efficiencies around 30% when operating at the most
efficient pressure for a given torque and speed. The increased power consumption is a result of high frictional
energy generated at the interface between the scroll base and tip seal. While axial loading is utilized to simplify the
manufacturing process by eliminating the need for fixing the scrolls axially, this technique needs to be modified to
reduce friction.

NOMENCLATURE
The nomenclature should be located at the end of the text using the following format:
Inlet Gas Enthalpy
(J/kg)
Outlet Gas Enthalpy
(J/kg)
̇
Mass Flow
(kg/s)
Motor Power
(W)
Compressor Shaft Power
(W)
Motor Efficiency
(-)
Isentropic Efficiency
(-)

Subscripts
c
Isentropic
m
Motor
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